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英文缩略词 
英文缩写 英文全称 中文名称 
AF1 Activation Function1 转录激活功能域 1 
AF2 Activation Function2 转录激活功能域 2 
AR                              Androgen Receptor 雄性激素受体 
ATCC American Type Culture Collection 美国模式培养物研究所 
BMP                     Bone Morphogenetic Protein 骨形态发生蛋白 
CDK                      Cyclin-Dependent Kinase 细胞周期蛋白依赖性激
酶 
Ch-IP            Chromatin Immunoprecipitation 染色质免疫共沉淀 
CHX                                    Cycloheximide 放线菌酮 




DBD                   DNA-Binding Domain  DNA结合结构域 
DMEM         Dulbecco’s Modified Eagle’s Medium 改良 Eagle’s 培养基 
ER                                 Estrogen Receptor 雌性激素受体 
GR                          Glucocorticoid Receptor 糖皮质激素受体 
HIF-1                      Hypoxia Inducible Factor-1 低氧诱导因子 
LBD                       Ligand-Binding Domain   配体结合结构域 
MAPK            Mitogen-Activated Protein Kinase 丝裂原激活的蛋白激酶 
MH1                           Mad Homologue 1 Mad同源结构域 1 
MH2                           Mad Homologue 2 Mad同源结构域 2 
MR                       Mineralocorticoid Receptor 盐皮质激素受体 
NES                            Nuclear Export Signal 出核信号 
NGFI-B Nerve Growth Factor-Induced Gene B 神经生长因子诱导基因
B 
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NR                                  Nuclear Receptor 核受体 
NBRE                NGFI-B Responsive Element   NGFI-B反应原件 
PAI-1              Plasminogen Activator Inhibitor-1 纤溶酶原激活抑制物 1 
PPAR        Peroxisome Proliferator-Activated Receptor 过氧化物酶体增殖物激
活受体 
PR                             Progesterone Receptor 孕激素受体 
RAR                           Retinoic Acid Receptor 视黄酸受体 
RXR                            Retinoid X Receptor 类视黄醇 X 受体 
SARA       SMAD anchor for receptor activation Smad受体锚定蛋白 
TGF-β                  Transforming Growth Factor β 转化生长因子 β 
TIMP1      Tissue Inhibitor of Matrix Metalloprotease-1 基质金属蛋白酶组织抑
制剂 1 
TR                       Thyroid Hormone Receptor 甲状腺激素受体 
TβR I                               TGF-β Receptor I TGF-β I型受体 
TβR II                              TGF-β Receptor II TGF-β II型受体 








































我们首先通过报告基因发现并证明了 Nur77 能够在 HepG2 细胞中激活
TGF-β/Smad3信号通路。研究发现，在所用检测的核受体中，只有 Nur77能够显





共沉淀的方法发现，Nur77 能够和 Smad3 有相互作用，其相互作用的结构域为
Nur77 的 AB 区域和 Smad3 的 MH2 结构域。通过染色质免疫共沉淀实验揭示
Nur77能够通过结合 Smad3间接结合 Smad3的响应原件。因此 Nur77通过其自
身的转录自激活活性，并通过与 Smad3结合，进而激活 Smad3靶基因的转录。
另外我们发现 Nur77 可能还通过其他的方式激活 Smad3 信号。Nur77 能够延长
Smad3的磷酸化和细胞核内滞留时间，进而延长 Smad3的激活时间；另外，Nur77
与 Smad3之间的相互作用能够破坏 Smad3与 Smad6之间的相互作用，进而降低
了 Smad6对 Smad3激活的抑制作用。通过 RT-PCR和免疫印迹实验，我们发现
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Abstract 
Nur77 is a unique member of nuclear receptor superfamily. As a product of 
immediate early responsive gene, it responds to a variety of stimuli, including various 
growth factors. Nur77 participates widely in physiological and pathological processes, 
such as glycolipids metabolism, autophagy, inflammation, and growth and apoptosis 
of tumor. Transforming growth factor β (TGF-β) signaling pathway broadly 
participates in regulating a wide range of physiological and pathological processes, 
including glucose metabolism, lipid metabolism, extracellular matrix replacement, 
cell proliferation and differentiation, tissue fibrosis, and tumor development. 
Exploration of the regulation of TGF-β signaling has been attracting great interests for 
many years. A number of reports have revealed the regulations of TGF-β signaling 
pathway by nuclear receptors. However, the detailed interactions and the underlying 
mechanisms between nuclear receptors and TGF-β singaling are largely unknown. 
In the exploration of the regulation of TGF-β signaling by some nuclear receptors, 
we found that Nur77 could regulate TGF-β signaling with the specific mechanisms. 
Nur77 up-regulated both the basal and TGF-β-stimulated Smad3 activity in HepG2 
liver cancer cells, indicated by our luciferase reporter gene assays using CAGA-luc 
reporter. The specific effects of Nur77 on TGF-β signaling pathway was further 
confirmed by our results showing the dose-dependent up-regulation of TGF-β 
signaling by Nur77, no regulation of the reporter gene without CAGA sequence by 
Nur77, and the inhibition of Nur77 effect by TGF-β receptor I’s inhibitor SB431542. 
We further investigated the underlying mechanism of the Nur77-mediated 
up-regulation of TGF-β signaling. We found that Nur77 and Smad3 interacted with 
each other using co-immunoprecipitation assay. Furthermore, the interaction domains 
were mapped at the AB region of Nur77 and the MH2 domain of Smad3. The result 
revealed by our chromatin immunoprecipitation assay showed that Nur77 could 
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Smad3. Therefore, we suggested that Nur77 activated TGF-β/Smad3 signaling by its 
anto-transactivation activity following its Smad3-mediated binding to Smad3 
responsive DNA elements. In addition, we found other possible mechanisms by which 
Nur77 activated TGF-β/Smad3 signaling. Nur77 was able to stabilize Smad3 
phosphorylation and nuclear localization, thereby extending the activating duration of 
Smad3. In addition, Nur77 released the inhibition of Smad3 activity by Smad6 via 
disrupting the interaction between Smad3 and Smad6. To confirm the up-regulation of 
TGF-β signaling by Nur77, we examined the expressions of Smad3-targeted genes. 
We found that Nur77 could significantly increase the expression of TGF-β-induced 
PAI-1 and other Smad3-targeted genes by using RT-PCR and western blot assays. 
Together, our study revealed a novel modulator of TGF-β signaling pathway - 
Nur77, and demonstrated the underlying mechanism of the modulation of TGF-β by 
Nur77. Our study also provided a possible treatment for TGF-β signaling-related 
disease by targeting Nur77, and broadened our understanding of the biological 
functions of Nur77. 
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                        DBD              LBD 
图 1 核受体的结构示意图 
Figure. 1 The structure of Nuclear Receptors 
 
结构上来讲，核受体主要分为 A/B，C，D，E 四个结构域（图 1）。这四个




对核受体与其他核受体的相互作用产生影响。C区包括 2个锌指，叫做 P盒与 C
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- TF 等[3-5]。本篇文章就是针对核受体超家族中一个重要成员 Nur77 对于激活
TGF-β信号通路的研究。 
 
1.2 孤儿核受体 Nur77 
Nur77（TR3）也叫做神经生长因子诱导的基因 B（NGFI-B），还叫做 NR4A1，
它是一种孤儿核受体。到目前为止，已经确认的人源的 NR4A 亚家族有 3 个成
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在这两个主要功能区域之间还有一个可变度较高的铰链区。Nur77依赖非常保守
















从内生菌 Dothiorella sp. HTF3分离出来的 Csn-B (cytosporone B)是 Nur77的天然
配体。Csn-B结合到 Nur77- LBD的特定区域，提高 Nur77的转录激活活性，并
使 Nur77从细胞核内转向线粒体，引起细胞凋亡。Nur77 LBP上的 Tyr451在很
多核受体中都是保守的，它在 Csn-B与 Nur77 LBD互作的过程中发挥着重要作
用。Csn-B与 Tyr451结合，或者是 Csn-B结合到 Nur77 LBP，引起 Nur77构象
发生一系列变化，从而影响 Nur77的生物学活性。另外推测，Csn-B头部的芳香
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